INTRODUCTION
Escherichia coli and Salmonella enterica serovar Typhimurium have a similar flagellar system responsible for motility and chemotaxis through their environment Soutourina & Bertin, 2003) . An individual flagellum consists of three structural parts, a basal body, a hook and a filament, and is constructed in this order. More than 50 genes are involved in flagellar formation and function Kutsukake et al., 1980; Kutsukake & Nambu, 2000; Aldridge & Hughes, 2002) . These flagellar genes are organized into at least 15 operons, and their expression forms a highly organized three-tiered cascade called a flagellar regulon (Komeda, 1982 (Komeda, , 1986 Kutsukake et al., 1990 Kutsukake et al., , 1999 . The flhDC operon is the sole one belonging to class 1, which is transcribed from multiple promoters in Salmonella (Yanagihara et al., 1999) or from a single major promoter in E. coli (Shin & Park, 1995) . The class 1 protein products, FlhD and FlhC, assemble into an FlhD 4 C 2 heterohexamer, which acts as an essential activator for expression of the class 2 operons (Liu & Matsumura, 1994; Wang et al., 2006) . Class 2 operons are transcribed by s 70 -RNA polymerase in the presence of FlhD 4 C 2 , which binds to the FlhD 4 C 2 box DNA upstream of class 2 promoters (Liu & Matsumura, 1994; Liu et al., 1995; Ikebe et al., 1999b; Wozniak & Hughes, 2008; Lee et al., 2011) . Class 2 includes operons encoding component proteins of the hook-basal body structure and the flagellum-specific type III export apparatus. Class 3 operons are transcribed by s 28 -RNA polymerase, and include genes encoding proteins involved in filament assembly and flagellar function. s 28 is a flagellum-specific sigma factor encoded by a flagellar gene, fliA (Ohnishi et al., 1990; Ide et al., 1999) . The fliA gene is transcribed from both the class 2 and class 3 promoters (Mytelka & Chamberlin, 1996; Ikebe et al., 1999a) , but the transcript from the class 3 promoter is translationally inert in the expression of s 28 (Tanabe et al., 2011 ). Therefore, s 28 is expressed only from the class 2 transcript. s 28 activity is negatively controlled by an anti-s 28 factor, FlgM (Ohnishi et al., 1992; . FlgM is excreted out of the cell through the flagellum-specific type III export apparatus upon completion of the hook-basal body structure, which achieves tight coupling of class 3 expression to the flagellar assembly process (Hughes et al., 1993; Kutsukake, 1994; Iyoda & Kutsukake, 1995) .
It has been known that flagellar synthesis is impacted by various environmental cues such as growth conditions (Quadling & Stocker, 1962; Adler & Templeton, 1967; Soutourina & Bertin, 2003) . Although E. coli and Salmonella share a common flagellar regulon as described above, the response of flagellar synthesis to nutrient conditions is quite different between the two: that is, under low-nutrient conditions, flagellar synthesis is upregulated in E. coli and downregulated in Salmonella (Yokota & Gots, 1970; Aldridge et al., 2010; Wada et al., 2011a) . Upregulation in E. coli is mediated via activation of the flhDC operon by cAMP-CRP (cAMP receptor protein) (Yokota & Gots, 1970; Silverman & Simon, 1974) . The Salmonella flhDC operon is also known to be activated by the cAMP-CRP complex Kutsukake, 1997; Yanagihara et al., 1999) . However, under low-nutrient conditions, flagellar synthesis in Salmonella is inhibited by the function of a nonflagellar gene, ydiV (Wada et al., 2011a) . This gene encodes an anti-FlhD 4 C 2 factor, which binds to FlhD 4 C 2 through its interaction with FlhD and inhibits transcription of the class 2 operons (Wada et al., 2011a) . Recently, YdiV was also shown to accelerate ClpXP protease-dependent degradation of FlhD 4 C 2 (Takaya et al., 2012) . The ydiV gene is transcribed by readthrough from the promoter for the nlpC gene and possibly from that for the btuCED operon, both of which are located upstream of this gene (Wada et al., 2011b) . Although nutrient conditions have no significant effect on transcription of ydiV, its translation is enhanced by an unknown mechanism under low-nutrient conditions, leading to inhibition of flagellar synthesis (Wada et al., 2011a) . Since a flagellar gene, fliZ, encodes a repressor for the nlpC promoter, flagellar synthesis is inhibited by the fliZ mutation in Salmonella cells under low-nutrient conditions (Wada et al., 2011b) . The fliZ gene constitutes an operon together with the fliA gene (Mytelka & Chamberlin, 1996; Ikebe et al., 1999a) , and thus is transcribed from both class 2 and class 3 promoters. Therefore, the fliZ and ydiV genes form a negative regulation loop, which results in a bistable motility phenotype between highly and weakly motile states in response to nutrient availability (Wada et al., 2011b) .
E. coli also possesses the ydiV gene (Zhou et al., 2008) , and the chromosomal structure around this gene is very similar to that in Salmonella (see Fig. 2a ). Curiously, however, flagellar synthesis in E. coli is enhanced in low-nutrient conditions, as described above. This prompted the intriguing question of why E. coli does not downregulate flagellar synthesis in low-nutrient conditions. This study was carried out to address this issue. We show here that the E. coli ydiV gene encodes a functional anti-FlhD 4 C 2 factor, which, if expressed in high enough amounts, can inhibit flagellar synthesis in E. coli. However, its translation is severely attenuated, which makes flagellar synthesis insensitive to YdiV-mediated inhibition in low-nutrient conditions in E. coli. In this paper, we refer to the ydiV genes from E. coli and Salmonella as ydiV E and ydiV S , respectively. Proteins and genes other than ydiV are also referred to in the same manner.
METHODS
Bacterial strains, plasmids, primers, chemicals and growth conditions. The bacterial strains and plasmids used in this study are listed in Tables 1 and 2 , respectively. The E. coli strain MC4100 is non-motile due to a frameshift mutation in the flhD gene (Ferenci et al., 2009) . This gene was replaced by the wild-type allele of the flhD gene from strain W3110 via P1-mediated transduction to obtain MC4100X1. The DydiV E : : FRT-kan-FRT and DfliZ E : : FRT-kan-FRT genes were moved from strains JW1697 and JW1906, respectively, to MC4100X1 via P1-mediated transduction. From the resulting transductants, the kan gene cassette was removed by transient exposure of the cells to pCP20 to obtain MC4100X2 and MC4100X6. All the Salmonella strains used were derivatives of a standard laboratory strain, LT2. Unless otherwise specified, all the chemicals and DNA enzymes used were purchased from Nacalai Tesque and Toyobo, respectively. Oligonucleotide primers used were purchased from Life Technologies, and their nucleotide sequences are summarized in Table 3 . The rich and poor media used were Luria broth (LB) and M9 minimal medium supplemented with 0.2 % (v/v) glycerol and 0.2 % Casamino acids (MGC), respectively (Wada et al., 2011a) . Hard and motility agar plates were prepared by adding 1.2 and 0.25 % agar (Shoei), respectively, to LB or MGC. Ampicillin and kanamycin were both used at a final concentration of 50 mg ml 21 . Where required, arabinose or IPTG was added to the culture media at final concentration of 0.2 % or 0.1 mM, respectively. Construction of strains carrying fusion genes on the chromosome. The ydiV E -36FLAG fusion gene was constructed according to the method described by Uzzau et al. (2001) . A DNA fragment containing the 36FLAG tag-encoding sequence and the kan gene was PCR amplified from pSUB11 with primers ECydiV-3FLAG-Fw and ECydiV-3FLAG-Rv. The amplified product was introduced into MC4100X1 harbouring pKD46 by electroporation, and kanamycinresistant transformants were selected on LB agar plates containing kanamycin and arabinose. After correct construction of the ydiV E -36FLAG gene was confirmed, this gene was moved to fresh MC4100X1 via P1-mediated transduction. The kan gene cassette was excised as above to obtain MC4100X3. Strains MC4100X4 and MC4100X5, which carry the transcriptional and translational ydiV E -lacZ fusion genes, respectively, were constructed according to the method described by Ellermeier et al. (2002) . For this purpose, we used plasmids pKG137 and pCE40, which carry a single FRT sequence followed by the promoterless lacZY genes, the kan gene and the R6K replication origin. The lacZ gene in pCE40 lacks the intrinsic translation initiation codon. These plasmids were introduced by electroporation into the DydiV E : : FRT strain MC4100X2 harbouring pCP20, and kanamycin-resistant transformants were selected at 37 uC. After stable integration of pKG137 or pCE40 into the chromosomal ydiV E gene was confirmed, the ydiV E -lac fusion gene was moved to fresh MC4100X1 via P1-mediated transduction to obtain MC4100X4 or MC4100X5, respectively.
Plasmid construction. A YdiV E -overexpressing plasmid was constructed as follows. The ydiV E gene was PCR-amplified with primers ECydiVf1B and ECydiVr1P using the genomic DNA of W3110 as a template. The amplified product was digested with BamHI and PstI and inserted into the corresponding site of pQE80L to obtain pQEydiV E . In this plasmid, YdiV E is expressed in an N-terminally hexahistidine-tagged form (His 6 -YdiV E ).
Single-copy plasmids expressing the ydiV-36FLAG gene from the T5 promoter (P T5 ) were constructed as follows. A DNA fragment containing the ydiV S -36FLAG gene with its 59 untranslated region (59-UTR) was PCR-amplified from the genomic DNA of KK1004V3F with primers PydiVf1E and PstI3FLAGR, digested with EcoRI and PstI and inserted into the corresponding site of pQE80L to obtain pQEydiV S -3F. The XhoI-HindIII fragment containing P T5 of the vector sequence and the inserted ydiV S -36FLAG gene was excised from this plasmid and ligated into the SalI/HindIII sites of plasmid pFZY1 to obtain pF-P T5 -ydiV S -3F. Plasmid pF-P T5 -ydiV E -3F was constructed through the same procedure as above via pQE-ydiV E -3F. In this case, the primers used for PCR amplification were EC_PydiVf1E and PstI3FLAGR.
Plasmid pTrc-flhDC E , which encodes the native forms of FlhD E and FlhC E , was constructed as follows. The flhDC E operon was PCRamplified with primers ECflhDf2E and ECflhCr1S using the genomic DNA from MC4100X1 as a template. The amplified product was digested with EcoRI and SalI and inserted into the corresponding site of pTrc99A to obtain pTrc-flhDC E . Plasmid pQE-flhCD E , which encodes an N-terminally hexahistidine-tagged FlhC E protein (His 6 -FlhC E ) and a non-tagged FlhD E protein, was constructed as follows.
The flhC E and flhD E genes were separately PCR-amplified with primers HCf1B and ECflhCr1S and ECflhDf1S and ECflhDr1H, respectively, using the genomic DNA from MC4100X1 as a template. The amplified flhC E DNA was digested with BamHI and SalI, while the amplified flhD E gene was digested with SalI and HindIII. These two DNA fragments were inserted together into the BamHI/HindIII sites of pQE80L to obtain pQE-flhCD E .
b-Galactosidase enzyme assay. b-Galactosidase activity was assayed as described elsewhere (Miller, 1972) using cells grown aerobically to exponential phase at 37 uC in MGC. Each sample was assayed in triplicate.
Protein analysis. Cellular flagellin (FliC) and YdiV-36FLAG proteins were detected as follows. Cells were grown to exponential phase at 37 uC in LB or MGC, and the cultures were directly subjected to SDS-PAGE. SDS-PAGE and Western blotting analysis of proteins were performed according to the method described previously . FliC E or FliC S was detected using anti-FliC E or anti-FliC S polyclonal antibody, respectively, with anti-rabbit horseradish peroxidase (HRP)-conjugated antibody (Santa Cruz Biotechnology) by use of the ECL Plus Western Blotting Detection system (GE Healthcare). FLAG-tagged proteins were detected with anti-FLAG M2 monoclonal antibody conjugated with HRP (Sigma).
Affinity purification of His 6 -tagged proteins. The His 6 -YdiV E and FlhD E4 /His 6 -FlhC E2 proteins were synthesized in E. coli strain BL21DslyD pFZY1 P T5 -ydiV S -36FLAG This study pF-P T5 -ydiV E -3F pFZY1 P T5 -ydiV E -36FLAG This study harbouring pQE-ydiV E and pQE-flhCD E , respectively. These proteins were affinity-purified according to the method described previously (Yamamoto & Kutsukake, 2006; Wada et al., 2011a) .
Pull-down assay. A pull-down assay was carried out as described previously (Wada et al., 2011a) using strain BL21DslyD as an expression host. Plasmid pTrc-flhDC E was used to overproduce FlhD E and FlhC E in their native forms. Cells overproducing FlhD E and FlhC E were disrupted by sonication and then centrifuged. A total of 500 ml of the resulting supernatant was taken and mixed with Ni-NTA resin (Qiagen) in the presence of His 6 -YdiV E . After the mixture was shaken gently at 4 uC for 2 h, the resin was collected by centrifugation, washed five times with 1 ml wash buffer (50 mM NaH 2 PO 4 , 300 mM NaCl, 20 mM imidazole, pH 8.0) and resuspended in 100 ml elution buffer (50 mM NaH 2 PO 4 , 300 mM NaCl, 250 mM imidazole, pH 8.0). After centrifugation, proteins in the supernatant were separated by SDS-PAGE and detected by Western blotting with anti-FlhD or anti-FlhC antibody.
Gel mobility shift assay. A 306 bp DNA fragment containing the fliA E promoter was PCR-amplified from MC4100X1 genomic DNA using primers ECPfliAF and ECPfliAR. The amplified product was gel-purified and then labelled at the 59 end with [c-32 P]ATP (Institute of Isotopes) by T4 polynucleotide kinase and used as a probe. The DNA-binding activity of FlhD E4 /His 6 -FlhC E2 was assayed according to the method described previously (Wada et al., 2011a) . The binding reaction mixture (20 ml) contained 1 nM labelled probe DNA, 20 mM Tris/HCl (pH 8.0), 100 mM NaCl, 0.1 mM EDTA, 1 mM DTT, 1 mM MgCl 2 , 0.1 mg BSA ml
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, 5 % (v/v) glycerol and various concentrations of FlhD E4 /His 6 -FlhC E2 and His 6 -YdiV E . The reaction mixture was incubated at 37 uC for 30 min and subjected to electrophoresis on a native 5 % polyacrylamide gel in 0.56 TBE buffer (25 mM Tris, 25 mM boric acid, 1 mM EDTA). Labelled DNAs were detected by autoradiography.
RESULTS
Opposite effects of nutrient conditions on flagellar synthesis in E. coli and Salmonella
In order to confirm the opposite effects of nutrient conditions on flagellar synthesis in E. coli and Salmonella, we examined motility of wild-type cells on rich (LB) and poor (MGC) motility agar plates (Fig. 1a) . On an LB motility agar plate, Salmonella (KK1004) formed larger spreading colonies than E. coli (MC4100X1). In contrast, on an MGC motility agar plate, E. coli formed larger spreading colonies than Salmonella. Next, we examined flagellin levels with exponentially growing cultures containing the same number (10 6 ) of cells grown in LB or MGC (Fig. 1b) . In Salmonella, flagellin was produced efficiently in LB but was scarcely detectable in MGC. In contrast, the flagellin level was lower in LB than in MGC in E. coli. Note that the band intensity cannot be directly compared between Salmonella and E. coli, because the affinity of the antibodies for flagellin may be different between the two.
Functional analysis of the ydiV gene and the YdiV protein from E. coli E. coli possesses the ydiV E gene, whose chromosomal location is the same as the ydiV S gene in Salmonella (Fig. 2a) . As described previously (Wada et al., 2011a) , deletion of the ydiV S gene renders Salmonella cells able to produce flagellin efficiently in MGC. On the other hand, deletion of the ydiV E gene had no significant effect on flagellin production in E. coli (Fig. 1b) . YdiV E shows a moderate degree of homology (52 % identity) to YdiV S . This homology is not as high as that of ordinary genes homologous between these two bacteria (McClelland et al., 2000) . For example, the amino acid sequence of FlhD E is 89 % identical to that of FlhD S , which is a target of YdiV S (Wada et al., 2011a) .
This relatively low homology between YdiV E and YdiV S raised the possibility that YdiV E might lack anti-FlhD 4 C 2 activity. In order to test this, we cloned the ydiV E gene onto the expression vector pQE80L and examined the effect of YdiV E overexpression on motility and flagellin production in E. coli. As shown in Fig. 3(a, b) , motility T. Wada, Y. Hatamoto and K. Kutsukake and flagellin production were both inhibited by YdiV E overexpression. This is the same result as that obtained by YdiV S overproduction (Wada et al., 2011a) , suggesting that, if expressed in great enough amounts, YdiV E can also inhibit flagellar gene expression, possibly by acting as an anti-FlhD 4 C 2 factor. In order to confirm this, a pulldown assay with the purified His 6 -YdiV E protein was applied to a cell lysate containing FlhD E and FlhC E . As shown in Fig. 4(a) , FlhD E and FlhC E were recovered specifically from the Ni-charged resin containing His 6 -YdiV E . This indicates that YdiV E can interact with FlhD 4 C 2 . Next, a gel mobility shift assay of the DNA fragment containing the FlhD 4 C 2 box from the fliA E gene was performed using purified His 6 -YdiV E and FlhD E4 / His 6 -FlhC E2 . As shown in Fig. 4(b ) of cells were subjected to SDS-PAGE, and YdiV-36FLAG was detected by Western blotting with anti-FLAG antibody (Fig. 5a) . In both bacteria, only a small amount of YdiV-36FLAG was detected in the cells grown in LB. On the other hand, when the cells were grown in MGC, the amount of YdiV-36FLAG was much smaller in E. coli than in Salmonella. Therefore, the absence of inhibition of flagellar synthesis in E. coli in low-nutrient conditions must be attributed to low-level expression of YdiV E .
In order to determine which step in the expression process of the ydiV E gene is impaired in E. coli, we examined its transcription and translation using strains MC4100X4 and MC4100X5, which possess the transcriptional and translational ydiV E -lacZ fusion genes on the chromosome, respectively. The b-galactosidase enzyme activity from the transcriptional ydiV E -lacZ fusion gene was 420±26 Miller units, while that from the translational ydiV E -lacZ fusion gene was 1±1 Miller units. Therefore, we conclude that the translation activity is impaired in the ydiV E gene in E. coli.
Expression of YdiV in heterologous hosts
In order to determine why translation of the ydiV E gene is impaired in E. coli, we examined the expression of the YdiV S and YdiV E proteins in heterologous hosts. For this purpose, we used the single-copy plasmids pF-P T5 -ydiV S -3F and pF-P T5 -ydiV E -3F, which carry the ydiV S -36FLAG and ydiV E -36FLAG genes, respectively, with their 59-UTR sequences transcribed from the T5 promoter. These plasmids were introduced into wild-type E. coli and Salmonella strains by transformation, and production of the YdiV-36FLAG proteins in the resulting transformants grown in MGC was examined by Western blotting with anti-FLAG antibody (Fig.  5b) . In Salmonella cells, YdiV S -36FLAG and YdiV E -36 FLAG proteins were both produced efficiently. In contrast, in E. coli cells, YdiV E -36FLAG was produced at a significantly reduced level, while YdiV S -36FLAG was produced efficiently. Consistent with this, the motility of the wild-type E. coli cells harbouring pF-P T5 -ydiV S -3F was inhibited in MGC (data not shown). These results indicate that translation of the ydiV E gene is specifically impaired in E. coli. When the transformants were grown in LB, production of YdiV S -36FLAG and YdiV E -36FLAG was inhibited in both E. coli and Salmonella (Fig. 5b) . This indicates that translation of the ydiV E gene has the same ability to respond to nutrient conditions as the ydiV S gene. coli. Salmonella and E. coli strains used were KK1004 and MC4100X1, respectively. Single colonies were stabbed onto an LB or MGC agar plate and incubated for 4 h at 30 6C. (b) Effect of nutrient conditions on flagellin production in wild-type and ydiV mutant strains of Salmonella and E. coli. Wild-type (WT) strains used were the same as in (a), while DydiV strains of Salmonella and E. coli used were KK1004V and MC4100X2, respectively. When bacterial growth reached exponential phase, cultures containing 10 6 cells were directly subjected to SDS-PAGE. Flagellin was detected by Western blotting using antiFliC antibody.
Anti-FlhD 4 C 2 gene of Escherichia coli
Effect of the fliZ mutation on flagellar synthesis in E. coli
Since FliZ S acts as a repressor for the nlpC S -ydiV S operon, the fliZ S mutation inhibits flagellar synthesis and motility development in Salmonella grown in low-nutrient conditions (Wada et al., 2011b) . As described above, E. coli does not produce YdiV E in effective amounts. This raised the possibility that FliZ E does not have a positive effect on flagellar synthesis in E. coli. As expected, the fliZ E deletion did not inhibit motility of E. coli cells on MGC motility agar plates (data not shown). Interestingly, however, the size of the spreading colony formed by the fliZ E mutant was slightly larger than that of the wild-type cells. This effect was also observed when motility was assayed on LB motility agar plates. The same phenomenon has also been described by Pesavento et al. (2008) . These results indicate that, unlike in Salmonella, FliZ E has a negative effect on motility development in E. coli. This means that the effect of FliZ on motility is opposite between E. coli and Fig. 2 . Structural features of the ydiV locus and ydiV mRNA. (a) Comparison of the chromosomal structure of the ydiV locus in E. coli and Salmonella. Promoters involved in expression of the ydiV S gene are indicated by hooked arrows according to our previous report (Wada et al., 2011b) . The presence of the s 24 -dependent promoter in the ydiV E gene was suggested only from bioinformatics analysis. The gaps between the nlpC E and ydiV E genes indicate that the intergenic region is shorter in E. coli than in Salmonella. (b) Alignment of nucleotide sequences of the intergenic region between the nlpC and ydiV genes in E. coli and Salmonella. Coding sequences corresponding to the nlpC and ydiV genes are in upper-case type, while the nucleotides in the intergenic region between them are in lower-case type. Nucleotides conserved between the two bacteria are indicated by asterisks. A putative transcriptional start site for the s 24 -dependent promoter is indicated by a hooked arrow. The nucleotide sequence used for secondary structure prediction in (c) is underlined. (c) Predicted secondary structure of the 59-UTR region of ydiV E mRNA. The secondary structure of RNA was predicted by mfold software (http://mfold.rna.albany.edu/?q=mfold/RNAFolding-Form).
Salmonella. Taken together, we conclude that, unlike in Salmonella, the FliZ-YdiV regulatory system does not work in nutritional control of flagellar gene expression in E. coli.
DISCUSSION
Bacteria have developed intricate regulatory mechanisms, enabling them to sense nutrient conditions in their environment and to adjust their metabolic and energetic activities accordingly. In Salmonella, the ydiV gene encodes an anti-FlhD 4 C 2 factor, which acts as a mediator of the nutrient conditions at the level of flagellar gene expression (Wada et al., 2011a) . In low-nutrient conditions, its translation is enhanced and the expressed YdiV protein inhibits flagellar synthesis. In this study, we show that, although E. coli also possesses the ydiV gene, encoding a functional anti-FlhD 4 C 2 factor, its translation is severely attenuated, and thus flagellar production is not inhibited in low-nutrient conditions in this bacterium.
As shown in Fig. 1(b) , E. coli cells produced greater amounts of flagellin in low-nutrient conditions than in high-nutrient conditions. This enhancement is due to cAMP-CRP-mediated activation of the class 1 operon flhDC (Yokota & Gots, 1970; Silverman & Simon, 1974) , since the cAMP-CRP system is more active in low-nutrient conditions than in high-nutrient conditions (Ishizuka et al., 1993) . It is reasonable to suppose that bacteria produce more flagella and swim well in low-nutrient conditions Expression of YdiV-3¾FLAG proteins in heterologous hosts. Strains used were MC4100X1 (for E. coli host) and KK1004 (for Salmonella host) harbouring pF-P T5 -ydiV E -3F or pF-P T5 -ydiV S -3F. YdiV-3¾FLAG level was assayed as in (a).
to search for available nutrients in the environment (Zhao et al., 2007) . The flhDC operon of Salmonella is also positively regulated by cAMP-CRP Kutsukake, 1997; Yanagihara et al., 1999) . However, in Salmonella cells grown in low-nutrient conditions, YdiV is produced in high amounts and inhibits the activity of FlhD 4 C 2 , resulting in decreased flagellar production (Wada et al., 2011a) . Differential expression of the ydiV gene between E. coli and Salmonella might reflect differences in their lifestyles or niches. Salmonella is an intracellular pathogen, which resides within a specific environment called a Salmonella-containing vacuole (SCV) after invasion of host epithelial cells to escape attacks by the host immune system (Ibarra & Steele-Mortimer, 2009 ). Transition from intestinal tract to SCV results in a concomitant shift-down in nutrient conditions. Therefore, for Salmonella, the abilities to sense low-nutrient conditions and to repress flagellar synthesis by the YdiV-mediated regulatory system should be particularly important for surviving within the host, since flagellin is a major antigen for the host immune system (Hayashi et al., 2001) . This is supported by the observation that a Salmonella ydiV mutant shows an attenuated virulence phenotype (Hisert et al., 2005) . It is intriguing that, as in Salmonella, flagellar synthesis is repressed by YdiV in a uropathogenic E. coli strain (Simms & Mobley, 2008) . Therefore, YdiV may play an important role in virulence control through inhibition of flagellar synthesis in pathogenic bacteria.
The results shown in this study indicate that the ydiV E gene is translated efficiently in Salmonella, though it is not translated in E. coli. This suggests that E. coli cell possesses some negative factor that inhibits translation of the ydiV E gene or lacks some positive factor that promotes translation of the ydiV E gene. Interestingly, the ydiV S gene is translated efficiently in both bacteria. This suggests that translation of the ydiV S gene is not susceptible to inhibition by the negative factor or does not require the positive factor mentioned above. The intergenic region between the ydiV and nlpC genes is much shorter in E. coli (246 bp) than in Salmonella (313 bp), and the nucleotide sequence shows considerable diversity between them (Fig. 2b) . Furthermore, the secondary structure of ydiV mRNA predicted by mfold software (Zuker, 2003) is quite different between them. It should be noted that the translation initiation codon of the ydiV E gene resides in a potentially paired structure (Fig. 2c) , which may interfere with its translation. In contrast, no significant secondary structure is predicted in the corresponding region of ydiV S mRNA. We anticipate that the difference in the translation activity of the ydiV gene between the two bacteria may reflect this structural difference in the mRNA. As described above, translation of the ydiV S gene in E. coli is affected by nutrient conditions in the same manner as in Salmonella. This suggests that E. coli also possesses the nutrientresponsive system that regulates translation of the ydiV gene. Similarly, translation of the ydiV E gene in Salmonella is affected by nutrient conditions in the same manner as the ydiV S gene. Therefore, the ydiV E gene must retain the ability to respond to nutritional control. Experiments are now in progress in our laboratory to identify the cis-and trans-acting factors involved in translational regulation of the ydiV gene.
Bioinformatics study (http://regulondb.ccg.unam.mx/ index.jsp) suggested that a s 24 -dependent promoter-like sequence is present upstream of the ydiV E gene (Fig. 2a, b) , though its role in transcription of the ydiV E gene has not yet been demonstrated experimentally. So far, at least two regulators have been reported to be involved in transcriptional regulation of the ydiV E gene. One is SdiA, which binds to the promoter region of the ydiV E gene and positively regulates its transcription in response to extracellular autoinducer 1 from other bacterial species (Zhou et al., 2008; Dyszel et al., 2010) . The other is the nucleoidassociated protein H-NS or StpA, which binds to the promoter region of the ydiV E gene and may negatively regulate its transcription (Uyar et al., 2009; Kahramanoglou et al., 2011) . However, the biological significance of transcriptional regulation by these regulators remains obscure, because translation of the ydiV E gene is extremely low and only a small amount of the YdiV E protein is present in the E. coli cell.
